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678Objective: The study objective was to compare the incidence of short- and intermediate-term arrhythmias
among 3 different surgical modifications of the Fontan procedure.
Methods: We performed a retrospective review of all patients who underwent the Fontan operation at a single
institution between January 2004 and May 2010 for preoperative, perioperative, and follow-up variables. Three
surgical modifications were studied: intra/extracardiac conduit with limited atriotomy, standard extracardiac
conduit, and lateral tunnel. Rhythm was classified as normal or abnormal. A rhythm dysfunction grading was
devised and used to identify worsening of rhythm for patients with abnormal rhythm preoperatively. Multivari-
able logistic regression was used to determine predictors of abnormal rhythm. To eliminate confounding effects
of transient immediate postoperative arrhythmias, data were analyzed for abnormal rhythm within the first 2
weeks and for more than 2 weeks after surgery.
Results:Of the 134 patients (n¼ 50 with intra/extracardiac conduit with limited atriotomy, n¼ 19 with standard
extracardiac conduit, n ¼ 65 with lateral tunnel) (median follow-up, 36 months; interquartile range, 22–50
months; 2 operative deaths and 6 late deaths), rhythm data for more than 2 weeks postoperatively were available
in 88 (40 with lateral tunnel, 14 with standard extracardiac conduit, 34 with intra/extracardiac conduit with lim-
ited atriotomy). These patients constituted the study groups. Patients in the lateral tunnel group were relatively
younger at the time of the Fontan operation (P<.001) and had a longer follow-up (P<.001). Multivariable lo-
gistic regression confirmed that greater than moderate atrioventricular valve regurgitation was the only indepen-
dent predictor of abnormal rhythm during the first 2 postoperative weeks. Older age at Fontan (odds ratio, 1.20;
95% confidence interval, 1.05–1.38; P ¼ .012) and higher preoperative mean pulmonary artery pressure (odds
ratio, 1.2; 95% confidence interval, 1.03–1.44; P ¼ .026) were predictors of abnormal rhythm more than 2
weeks postoperatively. Intra/extracardiac conduit with limited atriotomy Fontan modification was associated
with a significantly lower incidence of abnormal rhythm after 2 weeks postoperatively compared with lateral
tunnel modification (odds ratio, 0.28; 95% confidence interval, 0.10–0.84; P ¼ .015).
Conclusions: Intra/extracardiac conduit with limited atriotomy Fontan modification has a significantly lower
risk of abnormal rhythm postoperatively in the short and intermediate term when compared with the lateral
tunnel. (J Thorac Cardiovasc Surg 2013;145:678-82)Since the introduction of the Fontan operation,1 it has
undergone multiple modifications. The present popular
modifications, the extracardiac (EC) conduit2 and lateral
tunnel (LT) techniques,3 have their advantages and limita-
tions.4 Described in 1987,5 the intra/extracardiac (IE) con-
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The Journal of Thoracic and Cardiovascular Surgabove techniques. Originally reserved for patients with
anatomy unsuitable for other modifications, the IE conduit
modification is now our universally preferred technique be-
cause of the ease of fenestration, simplicity and reproduc-
ibility, and minimal disruption of atrial conduction
pathways.4 We present our experience with the IE Fontan
operation in the short and intermediate term, especially
with regard to arrhythmias.
MATERIALS AND METHODS
A retrospective review of all patients who underwent the Fontan opera-
tion between January 2004 and May 2009 was performed. The study was
approved by the institutional review board of the Children’s National Med-
ical Center, and waiver of informed consent was obtained.
Patients with inadequate follow-up data were excluded from the study.
Patients were divided into 3 groups according to the Fontan modification
performed: IE conduit, EC, and LT Fontan.
Rhythm data were obtained by analysis of available electrocardiograms
and Holter examinations by a single electrophysiologist (J.M.) blinded to
the Fontan modification.ery c March 2013
Abbreviations and Acronyms
CI ¼ confidence interval
CPB ¼ cardiopulmonary bypass
EC ¼ extracardiac
HR ¼ heart rate
IE ¼ intra/extracardiac
LT ¼ lateral tunnel
OR ¼ odds ratio
SD ¼ standard deviation
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DRhythmwas classified as normal or abnormal. The abnormal group con-
stituted sinus node dysfunction or others (ectopic atrial tachycardia, junc-
tional ectopic tachycardia, paced rhythm). A scoring system was devised,
and sinus node dysfunction was graded as mild: less than 35% junctional
rhythm, average heart rate (HR) within 2 standard deviations (SDs) for
age, no chronotropic incompetence, and no prolonged pauses; moderate:
35% to 75% junctional rhythm, average HR within 2 SDs for age, chrono-
tropic incompetence (maximum HR during exercise 75%–90% predicted
maximum), and prolonged pauses greater than 2.0 to less than 2.5 seconds;
or severe: greater than 75% junctional rhythm, average HR less than 2 SDs
for age, chronotropic incompetence (maximum HR during exercise<75%
predicted maximum), and prolonged pauses greater than 2.5 seconds.
Statistical Analysis
Preoperative, intraoperative, and postoperative data were compared be-
tween the groups using the chi-square test for categoric variables and anal-
ysis of variance for continuous variables. Age was compared using the
nonparametric Mann–Whitney U test. Survival was analyzed with the Ka-
plan–Meier method with the log-rank test used for comparing Fontan mod-
ification groups and Greenwood’s formula for constructing 95%
confidence intervals (CIs) around the curves.6
Multivariable logistic regression was used to determine predictors of
nonsinus rhythm using the likelihood ratio test and backward selection,
including 7 covariates: type of Fontan modification, age at operation,
heterotaxy, mean preoperative pulmonary artery pressure, moderate to
severe atrioventricular valve regurgitation, cardiopulmonary bypass
(CPB) time, and crossclamp time.7 We limited the number of covari-
ates in the multivariable data analysis with the rationale of obtaining
a more numerically stable model and set of prognostic variables of
abnormal sinus rhythm.8 Odds ratios (ORs) and 95% CIs were calcu-
lated for significant multivariable predictors. To eliminate confounding
effects of transient immediate postoperative arrhythmias, data were
analyzed for abnormal rhythm during the first 2 postoperative weeks
and more than 2 weeks after surgery. Holter data were compared for
intergroup differences in abnormal rhythm by Kruskal–Wallis test
and logistic regression analysis.RESULTS
A total of 134 patients underwent the Fontan operation
during the study period (n ¼ 50 IE, n ¼ 19 EC, n ¼ 65
LT). There were 2 operative deaths in the entire series,
both in the LT group (Fontan baffle thrombosis in 1 patient
and sepsis and multiorgan failure in 1 patient). There were
5 late deaths (4 in the LT group, 1 in the EC group) (plastic
bronchitis in 2 patients, protein-losing enteropathy in 2
patients, and progressive systemic ventricular failure in 1
patient). Kaplan–Meier estimated survival for the entireThe Journal of Thoracic and Cacohort was 97%, 96%, and 94% at 6 months, 1 year,
and 5 years, respectively (Figure 1, A). No difference in sur-
vival was noted among the 3 Fontan modifications
(Figure 1, B).
After excluding patients with inadequate follow-up
data, 88 patients (34 in the IE group, 14 in the EC group,
and 40 in the LT group) comprised the rhythm study
group. Median follow-up was 36 months (range, 22–50
months) (24 [8–34] months in the LT group, 2 [1–33]
months in the EC group, 8 [1–12] months in the IE group,
P< .001).
Age in the LT group was significantly less compared with
the other 2 groups (Table 1). A greater number of patients
with heterotaxy syndrome were observed and CPB time
was longer in the EC group. All patients with the IE and
LT modifications had a fenestration, whereas only 64% in
the EC group were fenestrated (P< .001). The intensive
care unit stay was shorter in the IE group, although it did
not achieve significance. No differences were noted among
the groups with respect to other variables (Table 1).
Multivariable logistic regression confirmed that moder-
ate or greater atrioventricular regurgitation was the only
predictor of abnormal rhythm within the first 2 weeks post-
operatively (P¼ .002). Older age at Fontan (OR, 12.0; 95%
CI, 1.05–1.38; P¼ .012) and higher preoperative mean pul-
monary artery pressure (OR, 1.21; 95% CI, 1.03–1.44;
P¼ .026) were predictors of abnormal rhythm after 2 weeks
postoperatively. IE Fontan modification was associated
with a significantly lower incidence of abnormal rhythm af-
ter 2 weeks postoperatively compared with other modifica-
tions (P¼ .015; OR, 0.28; 95%CI, 0.10–0.84) (Figure 2, A;
Table 2). Worsening of rhythm according to the proposed
grading system was significantly lower in the IE group
compared with the LT group (21 [52%] LT, 2 [14%] EC,
8 [23%] IE, P ¼ .01). This difference was not significant
compared with the EC group (Figure 2, B).
Holter data were available in only 37% of patients
(49/134) overall and 43% of patients (38/88) in the rhythm
study group (10 [29%] in the IE group, 21 [52%] in the LT
group, and 7 [50%] in the EC group, P¼ .31) at a median of
198 days (interquartile range, 50–495) postoperatively
(98 days [34–380] in the IE group, 381 days [110–934] in
the LT group, and 27 days [6–57] in the EC group)
(P ¼ .005, Kruskal–Wallis test). Abnormalities were de-
tected in 68% of Holter examinations, as opposed to 42%
of all studies. Abnormal rhythm by Holter was not signifi-
cantly different among the groups (81% in the LT group,
43% in the EC group, and 60% in the IE group, P ¼ .14).
Logistic regression analysis comparing the incidence of ab-
normal rhythm, detected on Holter, controlling for varying
follow-up time showed no significant differences among
the 3 groups (P¼ .11). In addition, no significant differences
were found in the percentage of abnormality with increasing
follow-up (P ¼ .19).rdiovascular Surgery c Volume 145, Number 3 679
FIGURE 1. Kaplan–Meier survival curve for the entire study group (A) and stratified by Fontan modification (B). CI, Confidence interval; LT, lateral
tunnel; EC, extracardiac; IE, intra/extracardiac.
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DDISCUSSION
Arrhythmias continue to be one of the leading causes of
morbidity early and late after the Fontan procedure.9-13
Atrial arrhythmias after the Fontan operation are
consequent to the extensive atrial suture lines and high
intra-atrial pressure along with the injury to the sinoatrial
node or disruption of its blood supply.12,14-16 AvoidingTABLE 1. Preoperative, intraoperative, and postoperative characteristics
LT (n ¼ 40)
Age (y), median (range) 1.8 (1.3–10.4)
Gender
Male, no. (%) 20 (50%)
Female, no. (%) 20 (50%)
BSA (m2), mean  SD 0.56  0.20
Diagnosis
HLHS, no. (%) 13 (33%)
Heterotaxy, no. (%) 1 (3%)
Hemodynamic
EDP, mm Hg, mean  SD 11.1  2.7
Mean PAP, mm Hg, mean  SD 14.4  2.9
TPG, mm Hg, mean  SD 4.5  2.4
AVV regurgitation, median (range) 2 (1–4)
Intraoperative
CPB time, min, mean  SD 81  15
Crossclamp time, min, mean  SD 41  9
Fenestration, no. (%) 40 (100%)
Postoperative
Ventilation time, d, median (range) 1 (0–25)
ICU stay (d) median (range) 4 (1–73)
Length of stay (d) median (range) 12 (6–73)
Chest tube drainage, d, median (range) 8 (3–37)
Follow-up (m) median (range) 24 (8–34)
LT, Lateral tunnel; EC, extracardiac; IE, intra/extracardiac; SD, standard deviation; BSA, bo
PAP, pulmonary artery pressure; TPG, transpulmonary gradient; AVV, atrioventricular valv
overall group differences. ySignificantly different than LT group. zSignificantly different
680 The Journal of Thoracic and Cardiovascular Surgatrial incisions and extensive atrial suture lines, dissection,
and incisions along the superior cavoatrial junction14,17,18
with the EC modification has failed to conclusively and
consistently decrease the incidence of atrial arrhythmias in
this group of patients.10,12,13,18-23 Preservation of the crista
terminalis and eustachian ridge24 decreases atrial arrhyth-
mias after the Fontan procedure,25 both of which are atEC (n ¼ 14) IE (n ¼ 34) P value
2.7 (2.1–18.0)y 2.1 (1.5–16.4)y <.001*
8 (57%) 21 (62%) .59
7 (43%) 13 (38%)
0.68  0.33 0.70  0.36 .09
2 (14%) 6 (18%) .22
6 (43%)y 9 (27%)y <.001*
9.1  2.1 11.2  3.4 .07
13.1  2.8 13.8  3.3 .43
4.7  3.0 4.1  1.3 .67
1 (1–2) 1 (1–4) .14
99  19y 90  18 .002*
35  20 39  14 .45
9 (64%)z 34 (100%) <.001*
2 (0–12) 1 (0–7) .13
6 (2–53) 3 (2–32) .08
16 (5–63) 10 (5–38) .10
12 (4–52) 8 (3–37) .27
2 (1–33) 8 (1–12) <.001*
dy surface area; HLHS, hypoplastic left heart syndrome; EDP, end-diastolic pressure;
e; CPB, cardiopulmonary bypass; ICU, intensive care unit. *Statistically significant
than LT and IE groups.
ery c March 2013
FIGURE 2. A, Incidence of abnormal rhythmwith each Fontan modification preoperatively, at less than 2 weeks postoperatively, and at more than 2 weeks
postoperatively. B, Worsening of rhythm comparing rhythm preoperatively with more than 2 weeks postoperatively. Significant difference (P ¼ .015)
between the IE and LT groups, favoring the IE modification. LT, Lateral tunnel; EC, extracardiac; IE, intra/extracardiac.
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Drisk with the EC Fontan especially if performed off pump or
without cardiac arrest.
Routine incorporation of fenestration leads to improve-
ment of immediate postoperative morbidity in terms of
reduced pleural effusions,26-28 shorter length of hospital
stay,27,28 and need for additional procedures,27 as well as
reduced late tachyarrhythmias29 and Fontan failures26
in the long term. It also provides an easy percutaneous
access to the common atrium for diagnostic and therapeutic
electrophysiologic studies. Despite various ingenious tech-
niques,30–33 achievement of a reliable fenestration in the EC
modification is difficult.4,30
This study clearly demonstrates the superiority of the
IE modification over the LT technique by demonstrating
a significantly lower incidence of abnormal rhythm after 2
weeks postoperatively. The differences tend to favor the
IE modification over the EC modification; however, our
results did not achieve statistical significance because of
the small number of patients in the EC group.TABLE 2. Multivariable logistic regression: Predictors of abnormal
rhythm after the Fontan operation
Variable
Abnormal
rhythm<2 wk
Abnormal
rhythm>2 wk
P value P value OR 95% CI
Age at Fontan .437 .012* 1.20 1.05–1.38
Heterotaxy .329 .132
IE vs LT Fontan .701 .015* 0.28 0.10–0.84
Mean PAP .559 .026* 1.21 1.03–1.44
AVV regurgitation grade .002* .363
CPB time .502 .179
Crossclamp time .311 .544
Note: Moderate to severe AVV is associated with a higher risk of abnormal rhythm
less than 2 weeks after the Fontan (OR, 6.5, 95%CI, 1.5–34.0). IE, Intra/extracardiac;
LT, lateral tunnel; PAP, pulmonary artery pressure; AVV, atrioventricular valve; OR,
odds ratio; CI, confidence interval; CPB, cardiopulmonary bypass. *Statistically
significant.
The Journal of Thoracic and CaAll patients with the IE and LTmodifications had a fenes-
tration, whereas only 64% in the EC group were fenestrated
(P< .001). Because the protective effects of fenestration
on the incidence of arrhythmias continue in the late postop-
erative period,26,29 the IE group is expected to do better than
the EC group with continued follow-up.
The EC group had a greater number of patients with
heterotaxy syndrome. These patients often were not suitable
for LT modification and historically underwent the EC
modification at our center. Longer CPB time in this group
reflects the anatomic complexities in this group of patients.
However, most of these patients are suitable for the IE tech-
nique, and since our universal adoption of this technique,
only 2 of 34 patients have undergone an EC modification
for anatomic reasons.
The intensive care unit stay was shorter in the IE group
and trended to but did not achieve significance (median 4
[range, 1–73] days in the LT group, median 6 [range,
2–53] days in the EC group, median 3 [range, 2–32] days
in the IE group, P ¼ .08).
The IE modification combines the advantages of both
the LT and EC modifications and offers ease of reliable
fenestration, technical simplicity, and reproducibility.
It involves a standard short oblique right atriotomy, as
used for most transatrial procedures, without any risk
of jeopardizing the sinoatrial node or its vascularity.
The crista terminalis and the eustachian ridge are well
preserved.
The current study suffers the limitation of being a retro-
spective, intermediate-term study, with limited patients.
With the shift of our preference to adopt the IE modifica-
tion universally, this group of patients are more recent
and compared with the historical LT and EC groups, thus
adding the confounding effects of noncontemporary groups
and differential length of follow-up to the results. The
rhythm data were obtained from serial electrocardiogramsrdiovascular Surgery c Volume 145, Number 3 681
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Dwith approximately more than one third of the patients hav-
ing Holter data. Abnormalities were detected in 68%
of Holter examinations, as opposed to 42% of all studies.
This could be due to increased sensitivity of the Holter
examination in detecting arrhythmias, in addition to
a selection bias in this group, because Holter examinations
were prompted by clinical suspicion of arrhythmias
rather than by protocol. Intergroup differences were
nonsignificant, presumably because of the smaller number
of patients with Holter data. Because the yield of arrhyth-
mia detection increases with the frequency of observa-
tions,34 it is likely that the incidence of nonsinus rhythm
is underestimated in this study.
CONCLUSIONS
The IE modification is a simple technique that combines
the advantages of the LT and EC modifications and leads to
a lower incidence of abnormal rhythm in the short and inter-
mediate term. Long-term results of this modification need
to be assessed with larger prospective studies.
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